In order to elucidate the question of free radical involvement in acute porphyric crisis, antioxidants were administered to two acute intermittent porphyria patients with long-standing recurrent attacks. Clinical condition and urinary excretion of porphyrins and porphyrin precursors were monitored before, during and after an eight week therapy with daily doses of vitamin E, -carotene, ascorbic acid, selenium, vitamin Q, acetylcysteine, mannitol and carnitine. Blood cell trace element profiles were followed.
generalized induction of the manganese-based enzyme mitochondrial Superoxide dismutase, conceivably in response to augmented generation of free radical species by 5-aminolaevulinate produced in surplus (5).
The theory of acute porphyria as a hyperoxidative condition is the incitement for the present study. An attempt has thus been made to break long-standing chains of recurrent porphyric attacks in two patients with acute intermittent porphyria by administration of antioxidants.
Materials and Methods
Design of the study Two adult carriers of different mutations for acute intermittent porphyria with recurrent porphyric attacks were treated for about eight weeks with antioxidants. They were followed through time with regard to clinical condition, porphyrin and porphyrin precursor excretion and granulocyte, erythrocyte and platelet trace element profiles. Informed consent from the patients was obtained.
Patients
Patient F is a 41-year-old female with acute intermittent porphyria. Her first porphyric crisis occurred at the age of 22 and was precipitated on start of use of oral contraceptives. Since then she has had attacks yearly, characterized by increased porphyrin precursor excretion, vomiting, abdominal pain, depression and occasional paralyses and hallucinations. During the last three years she has had monthly attacks in a cyclic premenstrual pattern and has been subjected to about forty instances of glucose and haemarginate therapy. During the study her menstrual periods became irregular and finally stopped altogether, and the porphyric attacks recurred every other week.
Patient Mis a 43-year-old male with acute intermittent porphyria. After intake of disulphiram (Antabus®), at the age of 37, he developed his first porphyric attack, which was accompanied by severe abdominal pains, tetraplegia, respiratory insufficiency and psychotic behaviour. Since then, he has had frequent attacks marked by abdominal pain, during the last year approximately every other week. In all, he has received glucose and haemarginate infusions about sixty times.
Diagnostic procedures
In both patients the diagnosis of acute porphyria was suggested by a family history of acute porphyria and by the periodic recurrence of neuropsychiatric symptoms accompanied by increased urinary levels of porphobilinogen and 5-aminolaevulinic acid.
In the case of the female patient (F), the diagnosis of acute intermittent porphyria was assessed by the findings of low erythrocyte porphobilinogen deaminase activity, and a 198 Trp -> stop mutation in the porphobilinogen deaminase gene giving rise to a CRIM-negative condition previously shown to be associated with acute intermittent porphyria (6) . The porphobilinogen deaminase gene exon 1, 33 G -> T mutation assessed in patient M, gives rise to a partial deficiency of the enzyme recognized only in non-erythropoietic cells. In this patient, erythrocyte porphobilinogen deaminase activity thus was within the normal range of values, and the diagnosis of acute intermittent porphyria was based on the previous (7) demonstration of an association between the mutation in quesr tion and this form of acute porphyria.
Antioxidant administration
The following tablets/capsules were given.
Oxigard (AGO, Sweden) contains (one tablet) D-a-tocopherol acetate 50 mg, ascorbic acid 90 mg, -carotene 9 mg and sodium selenite 60 μg. C-Vitamin (AGO Stockholm, Sweden) contains (one tablet) 500 mg ascorbic acid.
Bio-Quinon (Pharma Nord, Stockholm, Sweden) contains (one capsule) 2,3-dimethoxy-5-methyl-6-decaprenyl-l,4-benzoquinone (vitamin Q) 30 mg.
Acetyl-Cystein (NM Pharma, Stockholm, Sweden) contains (one tablet) acetylcysteine 200 mg and mannitol 250 mg.
Carnitene® (Sigma-Tau) contains (one tablet) carnitine 1 g.
Administration of the tablets started on the second day in the asymptomatic phase after a porphyric attack. The different tablets/ capsules were introduced during a 15-day-period in a day to day sequential manner, starting with Oxigard and C-vitamin days 1-3 and followed by Bio-Quinon, Acetyl-Cysteine and Carnitene® days 4, 6 and 9, respectively. After a period of 16 days (patient M) and 32 days (patient F), Oxigard was switched to Bio-Antioxidant. All the tablets/capsules were given in stepwise increased daily dosages.
The final doses of antioxidants were (Bio-Antioxidant period within brackets): a-tocopherol 100 mg/day (194 mg/day); ascorbic acid 2.18g/day (2.40 g/day) and -carotene 18 mg/day (15 mg/ day). The dose of selenium was 120 μg/day; ubiquinol 90 mg/day; acetylcysteine 400 mg/day; mannitol 500 mg/day and carnitine 1.5 g/day. Vitamin C was taken in four daily doses (morning, lunch, afternoon, evening); Bio-Quinon and Carnitene in three (morning, afternoon, evening); and Oxigard, Acetyl-Cysteine and Bio-Antioxidant in two (morning and evening).
Analytical methods
Porphobilinogen and 5-aminolaevulinic acid were quantitated in urine by the method of Mauzerall & Granick (8) , after separation by ion exchange chromatography, as described by Davis & Andelman (9) . Urinary porphyrins were isolated by anion exchange chromatography and quantitated by spectrophotometry (10) . Concentrations of trace elements in erythrocytes, granulocytes and platelets were determined by the technique of particle-induced X-ray emission, using the Scanning Light Ion Microscope in Uppsala, Sweden (Slim-Up). A complete description of the microscope and its performance characteristics are found elsewhere, as are the procedures for blood sampling, preparation of the cells from venous blood, the sample support technique and the sampling of individual cells for investigation (11 
Assessment of clinical status
The clinical conditions of the two patients were assessed by using a self-rating scheme every 4-8 days. The symptom diary was designed on the basis of previous experiences of their symptomatology. They were thus instructed to rate the severity, on a scale of 0 to 5, of the following symptoms: nausea, vomiting, abdominal pain, pain on breathing, other muscle pain, muscular weakness, and depression.
Biochemical monitoring
At intervals of 3-6 days, related to the current clinical condition, specimens of morning urine were collected and assayed for 5-aminolaevulinic acid, porphobilinogen and porphyrins, the concentrations being related to the creatinine contents of the samples.
Specific therapy in acute phase
Before, during and after the period of antioxidant administration specific therapy was given in the symptomatic phase. On admission for a porphyric crisis, haemarginate (Normosang®, Leiras Oy, Helsinki, Finland) containing 23 g/1 haematin; 6 ml/24 hours, and glucose, 100 g/1; 2000 ml/24 hours, were given. The infusions were administered for periods of 3 to 6 days. As a neuroleptic, dixyrazin (Escucos®, VCB Pharma AB, Helsingborg, Sweden) 25 mg/8 hours, was given for 4-6 days. For analgesia, morphine (Morphin Pharmacia, Pharmacia Uppsala, Sweden) 10 g/1; 30-60 mg/24 hours was individually dosed by intra-abdominal pump. Lactulose (Lactulos Tika, Tika, Lund, Sweden) mixture 670 g/1; 13.4 g/24 h and sodium picosulphate (Laxoberal®, Ferring, Vanlöse, Denmark) 7.5 g/1; 5 mg/24 hours, were given from the first day against obstipation.
Results
In figure 1 urinary concentrations of porphobilinogen, 5-aminolaevulinic acid and porphyrins, as well as indices for clinical condition, are plotted against time. In order to emphasize the reproduction, in the present study, of a previous (5) observation in porphyria of increased or upper borderline values for some of the elements, as well as the normalization seen during antioxidant therapy, the elemental concentrations are given in percent of upper reference value ("Material and Methods"). In the case of the female patient, the menstrual periods are indicated in the figure. Arrows show when specific 3-4 day therapy was started because of acute porphyric crises ("Material and Methods"). Vertical dotted lines indicate the start and end of antioxidant administration.
As indicated by the biochemical and clinical variables monitored, neither the incidence of porphyric crises, nor the severity of the attacks were affected by the antioxidants given.
Before the start of antioxidant administration, high granulocyte manganese, and high granulocyte and erythrocyte calcium levels, were noted in both patients. Platelet iron values were in the upper reference range. The concentrations of the elements were not found to vary with the current clinical activity of the disease and were shown not to be dependent on the specific therapeutic measures taken during the acute attacks ("Material and Methods"). Nor did they follow the excretion patterns of porphyrins or porphyrin precursors.
Within 3 weeks after the onset of antioxidant treatment, normalization of the increased concentrations of granulocyte manganese, as well as of granulocyte and erythrocyte calcium, were noted in both patients. Other trace elements also took part in the reaction. Granulocyte manganese, calcium, magnesium and iron thus covariated (tab. 1). The pattern also included platelet iron and erythrocyte calcium. Zinc concentrations showed an inverse relation to these elements in all three types of cells studied. The replacement of Oxigard by Bio-Antioxidant ("Material and Methods") did not affect the values. The concentrations of the blood cell trace elements about six months after cessation of the antioxidant administration showed returns to pretreatment levels in both patients.
Discussion
The study was undertaken on the assumption that breaks in the two patients' long standing chains of porphyric attacks, induced by administration of antioxidants, would point to symptomatic acute intermittent porphyria as a hyperoxidative condition and indicate a therapeutic option. The patients were not willing to submit to cerebrospinal fluid sampling and since the source for damaging reactive oxygen species would be 5-aminolaevulinic acid generated within the nervous system, measurements of plasma read-outs for oxidative damage were not attempted. Aminolaevulinic acid is synthesized within the mitochondrion and the primary site, in acute porphyria, for an effective hydroxyl ion attack derived from this compound most probably would be the mitochondrial membrane within cells in the nervous system. Since most intracellular antioxidants are compartmentalized, the lipophilic localization of the alleged radical stress was a prime concern in the design of the antioxidant formula. For theoretical reasons (12) , on the basis of observations in recent experimental work (13) and on the, possibly erroneous (vide infra), assumption that antioxidant administration under no circumstances could do the porphyric patient any harm, a compound therapeutic formula was designed. After a period of 16 days and 32 days, respectively, in the two patients, it was supplemented with vitamins of the B-complex, including folate (14) ("Material and Methods"). There is a vast literature regarding the mechanisms underlying the actions of the antioxidants given, and the antioxidant properties of analogues of vitamins C and E, carotenoids, flavonoids, coenzyme Q, sulphydryl compounds and selenium are well documented in biological systems (15), although not so much in therapeutic use (12, 15) . Since no reports are available on the substances administered with regard to porphyrinogenicity, the agents were cautiously introduced, and under close clinical and biochemical surveillance of the patients.
As seen in figure 1 , the activity of the porphyric disease in the two patients was reflected in their porphyrin precursor excretions. In the female patient, the attacks recurred in periods of 14 days and showed no temporal connection with her menstrual cycle. The porphyric crises in the male patient took place at 10-15 day intervals. The cyclic patterns of the attacks had been virtually the same for several months before the start of the trial, and may reflect therapeutic rebounds connected with recurrent inductions of haem oxygenase in re-sponse to the repeated haem infusions. Within two weeks after the start of antioxidant therapy both patients reported feelings of increased vigor and well-being. Neither their clinical condition, nor their porphyrin precursor excretion indicated exacerbations of their porphyric states that could be attributed to the action of substances in the antioxidant formula given. Even in extremely vulnerable porphyric individuals such as the two patients participating in the present study, compound antioxidant therapies of the kinds used thus seem to be without harmful porphyric side-effects. As previously (5) pattern was also found in the male patient, who is a carrier of the "Finnish type" exon l, 33G -» T porphobilinogen deaminase gene mutation, demonstrating that this trace element aberration is not coupled to only one of the several mutations producing acute intermittent porphyria. The increase in manganese in granulocytes, a cell type with very active haem synthesis, in a previous work was tentatively interpreted as a marker for a generalized induction of the manganese-associated enzyme mitochondrial dismutase, conceivably due to augmented generation of the Superoxide anion radical produced by action of ferrous iron on 5-aminolaevulinic acid (5). On days 14 (patient M) and 23 (patient F), respectively, after initiation of the antioxidant therapy, the increased concentrations of granulocyte manganese and calcium, as well as of platelet iron and erythrocyte calcium, showed abrupt decreases. The contents of zinc in all three types of cells increased at the same time. The changes in levels of these intracellular elements took place in close concert and also affected the granulocyte levels of magnesium and iron ( fig. 1, tab. 1 ). There is a remarkable congruence in the reaction patterns of the two patients. The fact that the aberrant trace element profile was reproducibly influenced by a therapeutic preparation of antioxidants, and that cessation of antioxidant administration is followed by a reversion to pretreatment levels, may suggest that it had been induced by oxidative stress. The difference in latency of the response between the two patients could in the case be due to differences in pretreatment antioxidant status. On the other hand, no significant positive effects on the incidence of the recurrent porphyric crises, or on the severity of the symptomatology, were noted. Assuming a hyperoxidative origin for the porphyric symptomatology, the absence of a therapeutic effect could be due to a failure of the administered compounds to reach neurological sites of pathophysiological significance, while they were acting effectively in bioavailable compartments such as blood. Thus, animal experimental models show that even with massive increases in dietary vitamin E intake, it requires four weeks to achieve significantly elevated antioxidant levels in brain parenchyma (16) .
It may thus be that the doses of antioxidants given were insufficient for penetration into the nervous system in amounts to produce clinical effects. The Oxigard administration provided a dose of vitamin E corresponding to a fivefold increase of Swedish recommendations for the daily intake, and were in accordance with the supplementary doses observed to lower the risks of coronary heart disease and cancer (17, 18) . The doses administered should also be compared to those given in the antioxidant treatment shown to have a beneficial effect in recurrent pancreatitis (19) , where the daily dose of vitamin E was 189 mg (270 IU) and where -carotene 5.4 mg (900 IU), vitamin C 0.54 g, organic selenium 600 μg and methionine 2 g, were given in addition. It is noteworthy that the contents of vitamin E, -carotene and selenium in that formula were considerably higher than those used in the present study. Thus it cannot be excluded that a therapeutic effect would have been attained by use of higher doses. Concerning other antioxidants and other disease states, no controlled therapeutic trials have been conducted that can serve as a guide to evaluate the present results.
The protective capacity of an antioxidant system most probably depends on a fine balance between its components. The failure of antioxidant administration to improve the clinical condition in acute porphyria in the present study could thus alternatively be dependent on insufficient attention being paid to the strong pro-oxidant nature of ferrous and cuprous ions, and that components, i. e. ascorbate and cysteine, favoring the generation such of reduced ion species were included in high doses in the formulas administered. This would be a circumstance of extra significance in individuals such as the two participating in the study, probably burdened with a high hepatic iron load resulting from the many haem infusions received.
The two patients engaged in the trial were selected on the basis of the fact that their regularly recurring porphyric crises permitted their use as own controls. Because of difficulties enrolling individuals with such attack patterns in any number, the obvious advantages of this approach are, however, partly counterbalanced by the problem of assessing statistical significance to findings from only two patients. Further, it is by no means given that the studied cases, with their probable haem oxygenase driven pathophysiology, are representative for more common forms of porphyric crises, with sporadic occurrence and with precipitating factors perhaps acting through other inductive mechanisms. In view of the increasing insight into the possible role of free radicals in porphyric illness, an expanded antioxidant study including a larger number of patients as well as patients with other attack patterns, and perhaps using a therapeutic formula containing less reducing substances, might be rewarding.
